Objective: Little is known about the relationship between recent life events and onset of hyperprolactinemia, despite the well-known effect of acute psychological stress on prolactin levels in healthy subjects. Recent life events in patients with hyperprolactinemia compared with healthy controls were investigated. Design: Case-control study. Methods: Fifty-two consecutive patients with hyperprolactinemia (45 females/7 males; mean age 34.9^10.1 years, range 18-60 years) and 52 healthy subjects matched for socio-demographic variables were studied. Nineteen patients (18 females/1 male) had no pituitary tumor and were diagnosed as suffering from idiopathic hyperprolactinemia. Patients with additional pathology or with high prolactin due to medications were excluded. All patients were interviewed by Paykel Interview for Recent Life Events while on remission after surgery or pharmacological treatment. The time period considered was the year preceding the first signs of hyperprolactinemia, and the year before interview for controls. Results: Patients with hyperprolactinemia reported significantly more life events than control subjects (P , 0.001). The same significant difference compared with controls applied to patients with (n ¼ 16) and without (n ¼ 36) depression. All categories of events (except events that were likely to be under the subject's control) were significantly more frequent. There were no significant differences between patients with prolactinoma (n ¼ 33) and those with idiopathic hyperprolactinemia (n ¼ 19). Conclusions: Within the complexity of phenomena implicated in the pathogenesis of hyperprolactinemia, our findings emphasize a potential role of emotional stress in either prolactin-secreting pituitary tumors or idiopathic hyperprolactinemia. Appraisal of life stress may have implications in clinical assessment (e.g. functional hyperprolactinemia) and decisions (e.g. termination of long-term pharmacological treatment).
Introduction
Several investigations have suggested a role for stressful life events in uncovering a person's vulnerability to an endocrine disorder (1) . By 'life events' we mean discrete changes in the subject's social or personal environment, that should be external and verifiable rather than internal or psychological. The use of structured methods of data collection has indicated that stressful life events were significantly more frequent in Cushing's disease (2) and Graves' disease (3 -6) compared with control groups.
Little is known about the relationship between recent life events and onset of hyperprolactinemia, despite the well-known relationship between acute psychological stress and prolactin levels in healthy subjects (7, 8) . Nunes et al. (9) observed that menstrual abnormalities, galactorrhea and other symptoms of hyperprolactinemia often had an acute onset in close temporal association with important events in the patient's life, such as marriage or actual or threatened loss of an important person. Assies et al. (10) , in a small controlled study, failed to detect significant differences between hyperprolactinemic patients and controls in stressful life experiences. Both studies (9, 10) , however, did not use standardized methods of life event assessment.
More extensive evidence is available on the role of early life situations. The biographic and clinical investigation of 101 patients with hyperprolactinemia and/or galactorrhea by Nunes et al. (9) suggested that exposure during childhood to an environment characterized by an absent or alcoholic, violent father may condition some women to develop hyperprolactinemia and/or galactorrhea later in life as a response to specific environmental changes. These observations were confirmed when sisters of patients with prolactinoma (generally exposed to the same environment as the patients) and a control group were studied (11). Higher mean serum prolactin concentrations and higher incidence of hyperprolactinemia and galactorrhea were found in women with paternal deprivation during childhood. In another investigation (10), significantly more separations during childhood were reported. Finally, patients with hyperprolactinemic amenorrhea were found to have had functional enuresis during childhood significantly more frequently than women with amenorrhea and normal prolactin levels (12) . The aim of this study was to provide a controlled evaluation of recent life events in patients with hyperprolactinemia compared with healthy control subjects matched for socio-demographic variables, using methods (13) that have been found to be valid and reliable in other investigations concerned with endocrine disorders (2, 4, 6) .
Subjects and methods

Subjects
This study involved 52 consecutive patients with hyperprolactinemia, who had an established diagnosis and treatment, and a control group of 52 healthy subjects matched for age (in decades), sex, marital status and social class. The mean age (^S.D.) was 34.9^10.1 years (range 18-60 years). There were 45 females and 7 males: 30 were married; 28 belonged to the working class and 24 to the middle-upper class according to Goldthorpe and Hope's occupational classification (14) .
The initial diagnosis was based on clinical features and high prolactin levels: 242.6^521.0 ng/ml (mean^S.D.). Morphological assessment included magnetic resonance imaging in all patients. Thirty-three patients (27 females and 6 males; mean age 34.4^10.6 years, age range 18 -60 years; mean prolactin levels 347.7^633.2 ng/ml) had a prolactin-secreting pituitary tumor (microprolactinoma in 27 and macroprolactinoma in 6). Nineteen patients (18 females and 1 male; mean age 35.7^9.5 years, age range 23 -53 years; mean prolactin levels 60.1^32.1 ng/ml) were not found to have a pituitary tumor and were diagnosed as suffering from idiopathic hyperprolactinemia. Patients with additional pituitary abnormalities and/or additional pathology (15) were excluded, as were those with hyperprolactinemia due to medication.
All patients were interviewed while on remission after surgery or pharmacological treatment with dopamine agonists (16 -18) and therefore not in the hyperprolactinemic state. Informed consent was obtained in all cases.
Methods
Paykel's Interview for Recent Life Events (13) covering 64 life events was administered as a semistructured research interview. The time period for which events were recorded was the year preceding the first symptoms of hyperprolactinemia, as assessed by an experienced endocrinologist, and the year before the interview for control subjects. All patients and controls were seen by the same interviewer. Detailed questioning was carried out by a clinical psychologist to determine the full nature and circumstances of each event reported. Two ratings were carried out by an independent blind rater, who was unaware whether the event had occurred in a patient or a control subject: (1) the objective negative impact (contextual threat), i.e. the rater makes judgment of the expected stressfulness of the event, when its full nature and particular circumstances are taken into account, ignoring the subjective reaction of the patient; (2) independence (the likelihood that the event is not a consequence of illness). The presence of a major depressive disorder, according to the American Psychiatric Association's Diagnostic and Statistical Manual DSM-IV criteria (19) was assessed with a semistructured research interview (20) by the same interviewer.
Prolactin was measured by immunoradiometric assay (IRMA) by a commercial kit (BioChem ImmunoSystems, Bologna, Italy). Intra-assay and interassay coefficients of variations were both , 7%. Normal values were 2.6 -26 ng/ml in women and 2.0 -14.5 ng/ml in men.
Statistical analysis
Results are expressed as means^S.D. Comparisons between patients and controls were carried out by the two tailed t-test and the x 2 test, as appropriate; P values , 0.05 were considered to be significant.
Results
Patients with hyperprolactinemia reported significantly more life events than control subjects (Table 1) . When only events 'almost certainly independent' or 'probably independent' of illness (events not caused by the illness or its psychiatric consequences) were considered and those that were rated as 'uncertain', 'probably dependent' or 'almost certainly dependent' were excluded, patients still reported significantly more events than (Table 1) . Table 2 displays three categories of events (13): (1) entrances (involving introduction of new people, such as marriage) and exits (involving departure of a person from the social field of the subject, such as the death of a close family member); (2) either socially desirable (e.g. promotion) or undesirable (e.g. major financial problems) events; (3) controlled events (when the initiation of the event was likely to be under the subject's control or choice) or uncontrolled events (not likely to be under control or against one's wish). All categories of events, except controlled events, were found to be significantly more frequent in patients suffering from hyperprolactinemia than in controls.
All analyses were repeated separating patients with idiopathic hyperprolactinemia (n ¼ 19) from those with prolactinomas (n ¼ 33). Since they yielded similar results, the analyses are not reported here.
Sixteen patients (30.8%) were identified as suffering from a major depressive disorder according to DSM-IV criteria (19) . The sample was therefore analyzed separating patients with depression from those without. There were significant differences in life events compared with controls for both depressed (P , 0.001) and non-depressed (P , 0.001) patients.
Discussion
In patients with hyperprolactinemia, life events were significantly more frequent than in control subjects and rather heterogeneous in quality: at times they involved positive and desirable changes (increasing, however, the challenge for the individual); at other times they were undesirable, uncontrolled and with objective negative impact. Several studies involving real-life stress in non-clinical populations suggest that change situations associated with passive coping appear to be accompanied by increased plasma prolactin levels, whereas change situations associated with active coping do not seem to affect prolactin (21) . Indeed, in our investigation, the excess in life stress involved uncontrolled, but not controlled, events. As to categories of events, previous research (in psychiatric patients) using Paykel's interview (13) had linked losses, and undesirable and uncontrolled events to major depression and Cushing's disease (2) . Instead, the heterogeneous pattern found in hyperprolactinemia was more typical of anxiety disturbances (22) and Graves' disease (4). This is also consistent with the high prevalence of anxiety disturbances in hyperprolactinemia (23, 24) , including those patients in remission (25 -27) .
Retrospective studies have obvious inherent risks. One can argue that an excess of life events in patients with hyperprolactinemia compared with controls may be the consequence rather than the cause of illness. Events such as marital separation, even if they occurred before any clear sign of the disorder, may have been caused by its insidious development. For instance, anxiety and irritability resulting from hyperprolactinemia (23) could lead to interpersonal friction, and thus to separation. However, when the events potentially dependent on illness were excluded, there were still highly significant differences between patients and controls. Further, the ratings concerned with independence and objective negative impact were performed by a blind rater. One can also argue that patients with hyperprolactinemia do not actually experience more events prior to illness, but simply recall more of them, or that they selectively remember more upsetting events (28) . If the patient or his relatives are questioned about events during the acute phase of illness, they tend to distort their meaning and magnitude, whereas when patients improve they tend to minimize the reporting of negative events (29) . Accordingly, patients with hyperprolactinemia were not interviewed during the acute phase of illness, but upon remission, when affective symptoms tend to subside (24) . Another source of error in retrospective studies is distortion of recall: the more distant the period of recall, the more likely is the life change to be underestimated and the accuracy of recall to be inversely proportional to the remoteness of the time period being recalled (30) . While control subjects were questioned about events occurring in the year preceding the interview, the time period for patients with hyperprolactinemia was variable, due to different times of disease onset. However, unlike self-rating scales, observer-rated instruments are designed to facilitate temporal organization of personal facts (31). Paykel's interview has very high test -retest reliability (that is good concordance about the reporting of events by a subject concerning a specific period and the subsequent questioning of the subject at some later point in time about the same period), inter-rater reliability (there is agreement between two raters as to the occurrence of a specific event on 95% of occasions) and concordance between the information provided by the subject and that obtained from other sources (usually a relative) (13, 32) . In view of the methods used (careful dating of the onset of symptoms, rigorous event definition, delay of the interview until hormone abnormalities are corrected, use of a blind rater for judging independence and objective negative impact), the results suggest a role for life events in the pathogenesis of hyperprolactinemia. There is evidence that several factors may contribute to the occurrence of hyperprolactinemia (15, 16) . In prolactinomas, stress might facilitate clonal proliferation of a single mutated cell. In functional hyperprolactinemic states, stress in predisposed individuals (24) might trigger neuroendocrine changes involving dopamine and/or serotonin, which affect prolactin release (33) . The retrospective nature of our investigation and the slow pathophysiological process of hyperprolactinemia (potentially extending over years) do not allow us to ascertain whether stressful life events may be related to the onset of illness or its manifestations (symptom formation). Nonetheless, within the complexity of phenomena implicated in the pathogenesis of hyperprolactinemia (15, 16) , our findings emphasize a potential role of emotional stress. The findings lend support to the studies suggesting a high prevalence of psychological distress in hyperprolactinemia (23 -27) and may alert physicians to enquire about the relevance of stress in the patient's life. Appraisal of the psycho-social dimension may have important practical implications in the handling of each individual patient and in the theoretical configuration of the pathogenesis of hyperprolactinemic disorders.
